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Abstract. The bulge is a region of the Galaxy which is of tremendous interest for understanding Galaxy formation. 
However, measuring photometry and kinematics in it raises several inherent issues, like high extinction in the 
visible and severe crowding. Here we attempt to estimate the problem of the visibility of the bulge at optical 
wavelengths, where large CCD mosaics allow to easily cover wide regions from the ground, and where future 
astrometric missions are planned. Assuming the Besangon Galaxy model and high resolution extinction maps, 
we estimate the stellar density as a function of longitude, latitude and apparent magnitude and we deduce the 
possibility of reaching and measuring bulge stars. The method is applied to three Gaia instruments, the BBP and 
MBP photometers, and the RVS spectrograph. We conclude that, while in the BBP most of the bulge will be 
accessible, in the MBP there will be a small but significant number of regions where bulge stars will be detected 
and accurately measured in crowded fields. Assuming that the RVS spectra may be extracted in moderately 
crowded fields, the bulge will be accessible in most regions apart from the strongly absorbed inner plane regions, 
because of high extinction, and in low extinction windows like the Baades's window where the crowding is too 
severe. 

Key words. Galaxy : stellar content - Galaxy : structure - Galaxy : bulge 



^ 1. Introduction regions from the GSC-II catalogue. The densities, as esti- 
mated from this photographic catalogue, are given for all 

The bulge is an important part of the Galaxy for un- populations together. They do not specify if bulge stars 

derstanding galaxy formation and evolution, thus requir- will be accessible at the Gaia limiting magnitude G<20 

ing surveys that go as deep as possible in this region, or not. 
The bulge is highly extinguished at its center and at low 

Galactic latitudes. It also suffers from severe crowding tt i i r n ■ ^- ■ ^^ 

. . ... Here we address the following question: is there a 

when observed with low spatial resolution instruments. i • .■ r ; ^ ;• ;■ i ,•; i \ . 

^, ... , . . combination ot parameters (extinction, latitude) m the 

i he extinction IS generally very patchy. When extinction ^ , ,. , , , .. ,• ■ i i . 

. , . , , . 1 TT 1 T -1 Galactic bulge where the extinction is large enough to 

IS high the crowding is less. Hence the crowding m the ., ,. , n i^i 

° . ri^i . .. , avoid crowding and not too high to allow bulge star 

central regions ot the Galaxy is very sensitive to the ex- ^ ■ ^^ i o t i ^ 

° ir nii nii measurcmcnts m the optical : In ord er to answer it, we 

tmction and may vary strongly from held to held on a , j ii n n ^ j i \-n u- — T — 71 lonnol 

„ , ^ have used the Besancon Galaxy model IIKobm et al.U2003l 

quite small spatial scale. |„nn/il\ u- i n ^ • i ^ ^ 4- r 

^ ^ 12004^1 which allows us to simulate star counts as a func- 

Observations of bulge stars will strongly depend on the tion of magnitude, direction and extinction. However these 

extinction and on the crowding. If the extinction is too depend on the assumptions about Galactic structure, stel- 

high, the number of stars will be low (no crowding) but lar populations and particularly the bulge model, but even 

conversely the bulge stars would not be observed, because more strongly on the assumed extinction. ISchultheis et all 



too faint. If the extinction is low (like in the Baade's win- l|1999|) have determined a detailed map of the mean extinc- 

dows), bulge giants on the red clump arc bright enough to tion in the Galactic central region |/| < 9° and |6| < 1.5° 

be reached, but the crowding will limit the number and/or showing strong variations on a spatial scale of several 

the quality of their measurement. The number of stars in arcminutes. The hig h patchiness is also visible in the 

the bulge als o strongly depends on latitude and longitude. ISchlegel et al ] 111998^ map obtained from the dust column 

iDrimmel et al.. (,2003b) attempted to localize the densest density deduced from FIR emission. 
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In Sect. 2 alternative extinction estimates are de- 
scribed. In Sect. 3 we present the Galaxy model used for 
this study. We briefly describe the Gaia instruments in 
Sect. 4. In sect. 5 we show our estimation of the magni- 
tude of bulge stars reached as a function of the limiting 
G magnitude and of the extinction map, and we address 
the problem of the crowding in Gaia instruments. We also 
discuss the reliability of the results. 



2. Extinction in the Galactic central regions 

A fundamental parameter for estimating stellar densities 
in the bulge is the extinction. If the extinction is too low, 
the high stellar density will create heavy crowding at the 
limiting magnitude. If the extinction is too high the bulge 
stars will be too faint to be observed. 

Several ext inction maps h a ve bee n published in the 

past years llSchlege! et a1 .1 119981: ISchultheis et a,1.L 

199^ iDutraetaLl k(M inrimme! et al \200^. 
Schultheis et alJ l|l999l) (hereafter SGS) have pro- 
duced a detailed analysis of the extinction at a high 
spatial resolution in the region -9° < Z < 9° and - 
1.5° < b < 1.5°. This study was made using near- infrared 
photometry in J and K., bands from the DENIS survey 
l Epchtein et al.L Il997l). Is o chrone s of 10 Gyr and solar 
metallicity (jBertelli et al.l Il994(l have been fitted to 
J-K/K diagrams in 2 arcmin windows, by varying the 
extinction. The typical uncertainty is smaller than 2 
magnitudes in windows with Ay <25. SGS assume a 
fixed metallicity of Z=0.02. This corresponds to the mean 
value observed in red giants but a spread is known to be 
present in the bulge. However the effect of not accounting 
for this spread should not translate into a significant 
change in the total uncertainty. The uncertainty due 
to the assumed age is also negligible. In regions where 
Ay >25, the measurement is no longer reliable due to 
the lack of detection in the J band. In this case the given 
value is an underestimate of the true value. In small 
extinction regions (Avw 1) the accuracy is limited by the 
sensitivity of the extinction in the K band and by the 
photometric accuracy which is about 0.05 in Ak, which 
translates to 0.5 when computing Ay- The errors in this 
extinction map increases towards higher extinguished 
regions due to the increase in photometric errors. The 
uncertainty on the extinction law may also contribute 
to the total uncertainty, especially in high extinction 
regions. IPutra et alJ ^|2003^ have shown that their map 
based on 2MA SS data agrees well with the DENIS 
extinction map ijSchultheis et al.l Il999(l up to Ak ~ 1.5 
(about Ay =15). Above this limit, the comparison is 
affected by increased internal errors in both extinction 
determinations. However, a compa r ison w ith the Galactic 
center map of ICatchpole et alJ l)l990() gives a good 
agreement with differences less than Ay =2 mag. The 
resulting map has a spatial resolution of 2 arcminutes 
and is the average total extinction along that line of sight 
to a distance of 8 kpc from the Sun. 



ISchleeel et aD l)l998|) (SFD) have produced a whole 
sky extinction map using FIR dust emission from IRAS 
and COBE/DIRBE. They obtain a high resolution map 
(at the resolution of IRAS) of the dust temperature and 
of the dust column density and calibrate the extinction 
estimator with a sample of elliptical galaxies. They also 
assume that the distribution of dust grain sizes is the same 
everywhere in the Galaxy and that the large grains which 
are responsible for the FIR emission are in equilibrium 
with the interstellar radiation field. The former hypothesis 
is only correct in diffuse medium. They also fit each line 
of sight with a single color temperature, which may not be 
true in the Galactic plane. The practical error on E(B-V) 
in SFD map is estimated to be 0.011 mag. However this 
value does not account for systematic errors in regions 
where their assumptions do not apply - for example in 
regions with high gas to dust r atios, in outflows around OB 
associations l|BursteinL liooj ). Schlegel et al. (1998) also 
noted that for latitudes less than 5 degrees their extinction 
determination is less reliable. 

Comparing SGS and SFD maps in the Galactic plane 
leads to systematic differences. The SFD estimation is the 
total extinction along the line of sight through the en- 
tire Galaxy. So, in the plane, the total extinction would 
be about twice the value undergone by bulge stars, the 
difference being due to extinction on the far side of the 
bulge. In general in the bulge we expect SFS values to 
be a significative overestimate of the extinction. However 
at higher Galactic latitudes, this overestimate should be- 
come smaller. Moreover, because the lines of sight in the 
Galactic plane may encounter regions with different den- 
sity and color temperatures, the SFD map is probably less 
reliable for estimating the extinction that bulge stars un- 
dergo. We have chosen to rely on the SGS map in regions 
where it exists (|5| < 1.5°), and on the SFD map at higher 
latitudes. 

3. The Besan^on Galaxy model 

In order to estimate the total number of stars, and the 
number of bulge stars, in given directions as a function 
of magnitude, we have us ed model predictions from the 
Besangon Galaxy model ()Robin et all l2003l hOO^ . We 
describe below the main ingredients relevant to the present 
study. 

3.1. Overview of the stellar population model 

The model is based on a population synthesis scheme. Four 
distinct populations are assumed (a thin disc, a thick disc, 
a bulge and a spheroid) each deserving specific treatment. 
In the central regions, only the bulge and thin disc are 
important, the thick disc and spheroid being negligible at 
the magnitudes considered here. 

The thin disc is a prominent population in the bulge 
region, especially at optical wavelengths. Although the 
bulge density exceeds the disc density at Galactocentric 
distances smaller than 3.14 kpc, the bulge is less visi- 
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ble due to extinction. Hence it is necessary to adequately 
model the foreground disc population. The density is mod- 
eled by a Einasto law with a scale length of 2.35 kpc 
and it de velops a progress i ve cen tral hole of scale length 
1.32 kpc l|Picaud k RobinLl2004 . The maximum density 
of the disc is at about 2 kpc from the center. The disc 
population is described by an evolutionary scheme with 
a constant star formation rate over the past 10 Gyr. In 
addition, a two slope IMF has been used with a high 
mass slope (alpha=3). slightly higher than Salpeter's one 
l)Havwood et all 119971) . 



The form ula is app lied to V and I magnitudes reddened 



i ne lorm uia is app iiea to V and i magnii 
following the iMathij |l99Q,) extinction law 



3.3. Reaching the bulge at magnitude 20 with the 
photometers 

Figure [3 ^^nd |S1 are similar to Figures |21 and El but at 

the limiting magnitude G=20 and for a different crowding 
limit of 100,000 stars per square degree. 



3.2. The outer bulge 

IPicaudI l|2003|) has undertaken a detailed analysis of the 
outer bulge stellar density and luminosity function by fit- 
ting model parameters to a set of 94 windows in the outer 
bulge situated at -8° < I < 10° and -4° < 6 < 4°. The 
data were obtained by the DENIS survey team (Simon 
et al. in preparation) using Kg magnitude and J-Kg color 
distributions. Using a Monte Carlo method to explore a 
11 dimensional space of bulge and disc density model pa- 
rameters and a maximum likelihood test of goodness of fit, 
he showed that the bulge follows a density law which can 
be modeled by a boxy exponential or a boxy sech^ pro- 
file. He found a triaxial bulge with the major axis point- 
ing towards the first quadrant with an angle of about 10° 
with respect to the Sun-Galactic center direction. A full 
description of the p arameter values o f the b ulge density 
law can be found in IPicaud fc RobinI l)2004|) . Several lu- 
minosity functions have also been tested. The favoured 
combinations betwee n age and evolution model are the 
Bruzua l et al.l (119971) one with an age of 10 Gyr, or the 
Girardi et al.l l|2002^ one with an age of 7.9 Gyr. 



In figure^we sh ow the overall goodne ss of fit of the re- 
sulting model with a lBruzual et al Ifl997) 10 Gyr luminos- 
ity fun ction. The figure looks similar using iGirardi et all 
ll2002t) tracks, as the worse windows are the same for both 
stellar models. The greyscale code is a function of the 
square root of the psr bin of colour-magnitude. The 
overall agreement is good in most of the windows except 
in two regions: the first one close to the Galactic cen- 
ter {I = 0°,6 = -1-1°), an overdense region with regard 
to the Galaxy model which is unaccessible to optical sur- 
veys because of very high extinction; the second one being 
situated at around I ~ 5° and b « —1.5°. The latter dis- 
crepancy is probably due to a bad extinction distribution 
model specifically in these windows. 

We will use this model to estimate the number and the 
absolute magnitude of bulge stars as a function of position, 
apparent magnitude and interstellar extinction. We also 
compute for the same parameters the total number of stars 
to address the problem of crowding. 

To apply the method to Gaia instruments we have 
computed the G magnitude from the formula defined for 
the new design of the payload (Gaia-2): 

G = V - 0.00075 - 0.3757 x {V - I) - 0.1233 x (V - if - 



4. Crowding in the Gaia instruments 

The crowding in Gaia instruments depends on the sensi- 
tivity and on the spatial resolution of each instrument. We 
shall consider each one separately. 



4.1. Broad Band Photometer (BBP) 

The astrometric instruments will provide accurate pho- 
tometry in a few wide bands with the Broad Band 
Photometer (BBP) and astrometry in the Astrometric 
Field (AF). The pixel and sample angular areas of BBP 
are 44.2x132.6 and 44.2x1591.2 mas^, respectively. The 
instrument qualifications have been chosen in order that it 
rarely reaches crowding, to be able to measure up to about 
3 million stars per square degree llJordi et al Eooi. This 
limit is imposed by the number of windows around each 
star that can be downloaded according to the telemetry 
budget and to the size of these windows. This may be 
adapted but at the price of a loss of astrometric and pho- 
tometric precision at the limiting magnitude. 

The sensitivity of the instrument will allow complete- 
ness upto the magnitude of about G=20. There may be 
a few regions in the Galactic plane and in the center of 
some of the globular clusters reaching this density limit 
(3.10^ stars per square degree). 



4.2. Medium Band Photometer (MBP) 

The Medium Band Photometer (MBP) instrument is ded- 
icated to obtaining accurate medium band photometry in 
about 11 filters up to magnitude 20. The angular size 
of the pixel and the sample are 1x1.5 arcsec^ and 1x6 
arcsec^, respectively. This means that at a density of about 
270 000 stars per square degree the CCD will be com- 
pletely full of stars. The crowding limit has been estimated 
to be between 50,000 and 100,000 stars per square degree 
( Hoeg. ,2002|) but this estimate is still under more detailed 
investigation. When the crowding is large in the MBP it 
is difficult to cross-identify a star detected in the AF and 
BBP with a measurement in the MBP, even for bright 
stars, several stars being superimposed. In the present 
study we have assumed a crowding limit of 100,000 stars 
PdiOfiiuar(Mlegf()i 
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Fig. 1. Overall goodness of fit of the model in 94 windows with NIR data. The greyscale is a function of the square 
root of the por bin of magnitude-colour in each window. Two regions are found at more than 3 sigmas: the first 
one near the bulge minor axis at / « 0°, 6 « 1°, the second one at Z « 5°, 6 w —1.5°. 
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Fig. 2. Absolute magnitude My o f bulge stars just reached at magnitude G=17, as a function of latitude and longitude, 
according to the ISchultheis et al.l l)l999() extinction map. An absolute magnitude of -2 means that no bulge stars are 
reached. The solid contour shows the iso-density of 20,000 stars per square degree, which is the crowding limit of the 
RVS. The regions which do not suffer from crowding with the RVS are between the dark dust lane and the iso-density 
contour. 



4.3. Radial Velocity Spectrograph (RVS) 

The Radial Velocity Spectrograph (RVS) instrument aims 
at observing a wavelength interval of about 26 nm around 
Ac ~ 861.5 nm. The spectral resolution has been recently 
chosen to be R=11500. The spectra will be 694 pixel long 
and 3 pixel wide (100% energy). During the Gaia mission, 
each target will be observed 102 times on average. Due to 



the scanning law, each time the orientation will be differ- 
ent so that if ever the star overlaps its spectrum with a 
neighbouring star it will not be the case in the next tran- 
sit, at least not with the same star. However, in very dense 
fields the overlaps can happen in a significant number of 
transits for a given star. 

IZwitter et alJ (|2003^ have estimated the probability of 
overlapping between two neighbouring stars as a funtion 
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Fig. 3. Same as figure El but using the lSchlesrel et alJ ^9§) extinction map. The white lines are isodensity contours 
at 20,000 total stars per square degree, the assumed crowding limit of the RVS. 



of stellar density. The overlap appears when there is more 
than one star in 694 pixel length. For a stellar density of 
1,200 stars per square degree at V<17 they found that 
about 21 transits in 100 are subject to overlap. Going to 
a density of 6,000 stars per square degree increases the 
fraction of overlap to about 70%. 

In a complementary study Zwitter (2003) estimated 
how the accuracy on radial velocities may depend on the 
crowding. He argues that the overlaps degrade the radial 
velocity accuracy only at faint magnitudes (V=17.5) and 
in highly crowded fields. This is mainly because estimates 
of the overlapping spectra can be made during the Gaia 
survey: photometric broad band photometry and accurate 
astrometry will allow a first order correction of the over- 
lapping spectra for each transit, knowing the accurate po- 
sition and magnitude, and an estimate of the spectral type 
of the overlapping star. However the recovering of other as- 
trophysical parameters (temperature, gravity, metallicity) 
will be limited to bright targets in not too dense environ- 
ments. 

In estimating the possibility of observing bulge stars 
with the RVS, we have assumed a crowding limit of 20,000 
stars per square degree, following recommendations from 
the RVS Working Group (Katz, private communication) 
and a limiting magnitude of G=17. 



5. Reaching bulge stars 

Using the Besangon Galaxy model and alternatively the 
SGS and SFD extinction maps, we are able to estimate 
the magnitude of bulge stars reachable as a function of 
the limiting magnitude. Thanks to the 3D modeling, bulge 
stars are considered in depth, their distances ranging be- 
tween 6 and 11 kpc on the line of sight. Therefore in some 
cases only the close side of the bulge is visible while in 
more favourable cases stars throughout the bulge will be 
observable. 

As an example we have applied this method to the 
Gaia instruments, the limiting magnitude being G=17 for 
the RVS and G==20 for the BBP and MBP photometers. 
The mean absolute Mv magnitude of bulge clump giants 
is about 0.75 but their luminosity function rises rapidly 
on the red giant branch starting at about Mv'=0. In the 
following, we consider that the bulge is reached when a 
significant number of giants are above the limiting magni- 
tude. We have set this limit at 100 bulge stars per square 
degree. 

The density strongly depends on the assumed extinc- 
tion. We have used the two maps described above, know- 
ing that the SGS map is probably free from systematic 
errors and more reliable at low Galactic latitudes, and the 
SFD map is suitable at higher latitudes. In the following 
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Fig. 4. Bulge stellar density in stars per square degree at G < 17 assuming thelSchl egel et all (^99^ extinction map. 
The white lines are isodensity contours at 20,000 total stars per square degree, the assumed crowding limit of the RVS. 



we preferentially use the SGS map at latitudes |6| < 1.5° 
and the SFD map and higher latitudes (in absolute val- 
ues). In both cases, the absorbing clouds arc assumed to 
be located at about 1 kpc from the Sun in the first spiral 
arm. 



5.1. Reaching the bulge at magnitude 17 with the 
radial velocity spectrograph 

In the RVS instrument of Gaia, the limiting magnitude 
is estimated at G=17. Figures |21 and O give the absolute 
magnitude of bulge stars reached at the limit of 100 bulge 
stars per square degree at G=17. Figure [21 assumes the 
extinction from the SGS map and figure |3| from the SFD 
map. 

In these figures, an absolute magnitude equal to -2 
means that no bulge stars are reached. The regions con- 
cerned are the very low latitudes |6| < 1°. Going to lati- 
tudes around 1-1.5°, according to the SGS map there are 
regions where a number of bulge stars of the clump will 
be accessible (regions where magnitudes My between 
and 2 are reached). If one relies on the SFD map, those 
regions may lie at about |5| = 1.5 to 3° depending on 
longitudes. These regions will be very interesting to ob- 
serve with the RVS. However they may suffer from heavy 



crowding. In order to check this point, we have superim- 
posed on figures [3 and El the limiting contour of stellar 
density of 20,000 stars per square degree. The disc dust 
lane prevents observations at very low latitudes. On the 
other hand the crowding will cause observing problems 
at higher latitudes when the absorption is small enough. 
Between these, there are at each longitude, on each side of 
the dust lane, fields where bulge stars will be observable 
in not-crowded fields with the RVS. In the figures these 
fields lie between the dark pixels (where no bulge stars 
are detected) and the contour (at the limit of crowding 
of 20,000 stars per square degree). Depending on the as- 
sumed extinction map they are at latitudes of about 1-1.5° 
(SGS map) or a bit above at 1-3° (SFD map). The first 
number should be prefered as, at these low latitudes, SFD 
maps are less reliable. 

There are also a number of windows at slightly higher 
latitudes (for example at b=4°, 1=1° and at b=6-8°, 1=1- 
6°) which avoid the crowding in the RVS. 

Figure 01 shows the number density (per square de- 
gree) of bulge stars at G<17, hence are measurable with 
the RVS. The numbers are very high, apart from the re- 
gions very close to the plane, where the extinction is too 
heavy to allow the bulge clump to be reached at this G 
magnitude. 
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Fig. 5. Apparent G mag nitude at which the RVS crowding density of 20,000 stars per square degree (bulge+disc) is 
reached, assuming the iSchlegel et al.. (4998^1 extinction map. 



In crowded regions, the RVS may still obtain useful 
spectra but limited to brighter magnitude stars. Figure 
shows the apparent G magnitude at which the total den- 
sity of 20,000 per square degree is reached (bulge and disc) 
assuming the SFD extinction map. On either side of the 
low latitude region heavily obscured by dust, the magni- 
tude of the crowding ranges from 14 to 18. Most regions 
will not suffer from crowding at magnitude G=15, apart 
from a region at negative latitudes, at longitude around 
zero, and patchy regions at positive latitudes. 

Assuming that in most regions at G < 15, the density 
is smaller than the crowding limit, we can estimate how 
many bulge stars may be measured at G < 15 with the 
RVS and where. We show in Figure El the number of bulge 
stars observable with the RVS at G< 15. The white lines 
indicate the limits of the total density of stars of 20,000 
per square degree at G= 17 and the black contours the 
same density limit but at G=15. The regions encircled 
by the black lines are in heavily crowded regions (among 
them is Baade's window) where the RVS will obtain reli- 
able spectra only for the brightest stars, which could be 
contaminated by the high background. In the regions be- 
tween the black contours and the white ones, the crowding 
will be limited at the magnitude interval 15< G < 17. 



The position of the fields given here should be taken 
with caution because of the extreme sensitivity of the com- 
putation to the extinction, which is not known with an ac- 
curacy better than about 2 magnitudes in these obscured 
regions. However, if the extinction map does not suffer 
from systematic errors, there should be regions with ap- 
propriate numbers of stars and extinction, allowing the 
observations of the bulge stars at any longitude quite close 
to the dust lane. 

The absolute magnitudes of detected bulge stars will 
range between 1 and 2 in My allowing study of the kine- 
matics and metallicities of bulge giants as a function of 
longitude, a very good test for the bulge formation sce- 
nario. 

At low latitudes (figure ITJ the dust lane masks many 
fields where even the brightest bulge stars will not be 
reached at G<20. However there remain a number of fields 
even at latitudes close to 0° where one can reach bulge 
stars in the giant clump (My « 1). 

At higher latitudes {\b\ > 1 - 2° from figure El aU 
fields will be accessible. However depending on the instru- 
ment, these stars may be in crowded fields. In the BBP 
photometer and AF astrometer there will be no crowding 
problem, the density of stars never reaching the value of 
3 million stars per square degree. In the MBP , however, 
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Fig. 6. Bulge stellar density in stars per square degree at magnitude G < 15, assuming the ISchleEfel et alJ 
extinction map. The white lines are the isodensity contours at 20,000 stars per square degree (bulge+disc) at G< 17, 
while the black lines are the same at G< 15. Less extinguished regions at b<-l (inside black contours) suffer from 
crowding even at G<15. 
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Fig. 7. Absolute magnitude My o f bulge stars just reached at magnitude G=20, as a function of latitude and longitude, 
according to the Schultheis et al.l l|l999|) extinction map. An absolute magnitude of -2 means that no bulge stars are 
reached. The solid contour shows the iso-density of 100,000 stars per square degree, which is the crowding limit of the 
MBP. The region which is accessible to observation with the MBP is placed in between the dark dust lane and the 
iso-density contour. 



the crowding will prevent one from observing bulge stars 
in a large number of cases, as shown by the iso-density 
contour at 100,000 stars per square degree superimposed 
in the figures. 

Only in a small range of intermediate latitudes (fig [3 
see the contour) will the bulge stars be accessible on each 
side of the dark dust lane at |6| < 1°. These stars have 



absolute magnitudes of about 1-2 and are mainly clump 
giants. At 1-2° the extinction goes down and the number 
of stars increases very rapidly to over 100,000 stars per 
square degree. If the SFD map was used in place of the 
SGS map (fig |Hll the range of latitudes where bulge stars 
will be accessible to the MBP would be slightly different 
and a bit more optimistic. It roughly ranges between 1 < 
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Fig. 8. Same as figured but using ISchlegel et al.l 1 19981) extinction map 



|6| < 2°. However, as discussed above, the SFD map may 
be unrefiable at these latitudes. 

Higher latitude regions will barely be measured with 
the MBP due to crowding. Special care in the reduction 
process would be needed in order to cross-identify the 
MBP low resolution measurements of superimposed stars 
with higher resolution AF and BBP measurements. In the 
AF and the BBP all regions but the very obscured dust 
lane will be observable. 



6. Discussion and conclusions 

The method described here allows one to estimate the ob- 
servability of any critical population of the Galaxy from 
a variety of instruments. The result on the bulge visibil- 
ity strongly depends on the assumed extinction. Hence 
the computation may be redone with more accurate maps 
when available. The bulge model used may be inaccurate 
in some cases (particularly very near the Galactic center). 
However it has been fitted to a wide set of data in the 
near-infrared. Thus the reliability of the result is given 
by the accuracy of the extinction map rather than by the 
Galactic model used. The application of the method to 
Gaia led to the following conclusions. 

We have shown that there will be opportunities for 
Gaia to access reliable measurements in the Galactic 



bulge. The BBP photometer and the AF astrometer are 
the most favourable instruments as they allow access to 
very dense regions of 3 million stars per square degree. The 
BBP will furnish accurate photometry in broad band fil- 
ters and the astrometer will measure accurate parallaxes, 
giving an accuracy of 10% in distance for bulge stars. 
Proper motions will also be measured in nearly all the 
bulge region. At low latitudes |5| < 1° in the dense dust 
lane of the Galactic plane, most of the bulge stars will 
be too faint (due to extinction) to be reached in a sig- 
nificant number even at G<20. However in a few fields 
close to & = 0°, windows of lower extinction, especially at 
I > 2° , bulge giants in the clump may be reached allowing 
a probe of the bulge in depth, hence a photometric and 
astrometric test of the kinematics of the outer bulge. 

The MBP has a lower spatial resolution. Thus, the 
crowding is reached at lower star densities and measure- 
ments will be limited to a small range of latitudes at 
— 1° < 6 < 1°, assuming the SGS map. These estimates 
strongly depend on the extinction, which is not known 
with sufficient accuracy. However, the number of accessi- 
ble windows are well spread in longitude and also in lati- 
tude (thanks to the patchiness of the extinction) and bulge 
stars will also be spread in depth well inside the bulge. 
Figure ini shows the distribution in distance along the line 
of sight of reachable bulge stars in the MBP at the extinc- 
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Fig. 9. Estimation of the number of detected bulge stars (G<20) in the MBP as a function of distance along the line 
of sight in a field at 1=2°, b=-0.5° with different values of visual extinction. 



tion of Av=8, 10, 12 and 14 located at latitude b=-0.5° 
and longitude 1=2°. The density varies slowly with longi- 
tude such that these numbers should be valid for most of 
the bulge within an order of magnitude. Most of the fields 
at these latitudes have visual extinctions in the range 8-14, 
with most probable values in the range 12-13. We see in 
these simulations that a large number of bulge stars will 
be measured in the MBP at b=-0.5°. These bulge stars 
have a distance distribution allowing one to measure the 
radial gradients in depth in the bulge. 

The RVS will suffer strongly from crowding at lati- 
tudes smaller than 1° assuming that the crowding limit 
is really 20,000 stars per square degree. However, if SFD 
dust estimates are reliable enough at these latitudes, there 
may be a significant number of small windows at various 
longitudes and mostly at 2° < |5| < 3° at which radial ve- 
locities of bulge giants will be obtained without crowding. 
Even in crowded regions, spectra of bulge giants will be 
obtained at G < 15 in most bulge regions. However less 
extinguished regions, like the Baade's window, will suffer 
from too heavy crowding. Eventually the range of longi- 
tudes and latitudes where bulge giants will be measurable 
will permit us to study possible variations of radial veloc- 
ities and abundances with longitudes on each part of the 
dust lane of the Galactic plane. It should be noted that 
the crowding limit of the RVS is not yet accurately known. 
If the value used here is changed for a higher density then 
a larger part of the bulge will be easily measured with 
the Gaia spectrograph, in particular regions at higher lat- 
itudes. Simulations with a crowding limit of 40,000 stars 
per square degree and the SFS extinction map show that 
about half of the region between 2° and 8° in latitude will 
not be crowded at G < 17. 

Putting together observations of the astrometric field, 
the BBP, the MBP and the RVS, Gaia will produce a de- 



tailed survey of clump giants in the outer bulge. Close 

to the dust lane in the inner disc, a significant number of 
small extinction windows will give access to a combination 
of photometry, astrometry, radial velocities and spectro- 
scopic measiircmcnts for a large number of clump giants. 
Detailed analysis of these data sets will allow us to put 
strong constraints on the bulge formation scenario. The 
only very obscured place unreachable with Gaia will be 
the region at |6| < 0.5° and -3° < ^ < 2°. 
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